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(54) Control apparatus for resistance welding machine 



(57) A control apparatus for a resistance yielding 
machine comprises a welding current detecting device 
(5. 205) for delecting a welding current, interelectrode 
voltage detecting device (6; 206) for detecting an intere- 
lectrode voltage, a calculating section (13; 213) for pre- 
dicting a nugget growth or estimating an expulsion & 
surface-flash generation probability, and control section 
(16. 17, 18: 212. 215) for controlling the welding current 
so that the nugget growth or the expulsion & surface- 
flash generation probability can be adjusted to a prede- 
termined value. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field ot the Invention: 

[0001] The present invention relates to a control ap- 
paratus for a resistance w/elding machine, especially to 
a control apparatus for a spot welding machine. 

2- Prior Art 

[0002] In a resistance welding machine used for la 
welding of steel plates or the like, three principal param- 
eters to stabilize the welding quality are a welding cur- 
rent, an energizing time, and an electrode pressurizing 
force. It is generally known that these parameters are 
feedback controlled instead of dial setting recommend- 
able conditions or each base metal based on expertise 
and experiences. 

[0003] Enhancement of the welding quality has been 
recently request severely. To satisfy such a requirement, 
Unexamined Japanese Patent Application No. 
4-178275, published in 1992, discloses a technology for 
controlling a welding operation by directly monitoring a 
nugget, since the nugget growth reflects the result of the 
welding operation. 

[0004] Hereinafter, the control apparatus of a conven- 
tional resistance welding machine disclosed in the Un- 
examined Japanese Patent Application No. 4-178275 
will be explained with reference to the accompanied 
drawing. 

[0005] In Fig. 4. reference numeral 21 represents a 
power source unit for a resistance welding machine, and 
reference numeral 22 represents a controller for the 
welding power source unit 21. Reference numeral 23 
represents a welding current detecting device. Refer- 
ence numeral 24 represents a secondary conductor. 
Reference numeral 25 represents a lower arm. Refer- 
ence numeral 26 represents a base metal to be welded. 
Reference numeral 27 represents a pair of electrodes. 
Reference numeral 28 represents a pressurizing cylin- 
der. 

[0006] Reference numeral 29 represents an upper 
arm. Reference numeral 30 represents an electropneu- 
malic proportional valve Reference numeral 31 repre- 
sents a pressure sensor. Reference numeral 32 repre- 
sents a controller for the eleclropneumatic proportional 
valve 30. Reference numeral 33 represents a cable 
which detects an interelectrode voltage (i.e. a voltage 
between electrodes 27). Reference numeral 34 repre- 
sents a distance detector which detects a shift amount 
of electrodes 27. 

[0007] Reference numeral 35 represents a signal 
processing section which acts as a hardware circuit for 
processing signals representing the electrode pressu- 
rizing force, the electrode shift amount, the interelec- 
trode voltage and the welding current. Reference nu- 



meral 36 represents an estimating section which esti- 
mates a nugget size and a heat input density. And. ref- 
erence numeral 37 represents a control signal generat- 
ing section which generates control signals for the weld- 

5 ing current and the electrode pressurizing force, 

[0008] The above-described control apparatus of the 
conventional resistance welding machine will be ex- 
plained with reference to a flow chart shown in Fig. 5. 
First, the plate thickness of base metal 26, the number 

10 of metal plates to be lapped or stacked, and the material 
information of base metal 26 are respectively entered 
(step 101). Next, a welding operation Is started (step 
102). Priortoan energizing operation, electrodes 27 are 
pressurized to confirm the total thickness of metal 

'5 plates. Then, a relationship between the actual pressu- 
rizing force and the shift amount of electrodes 27 is 
measured. Based on the measuring result, an electrode 
pressurizing force value is set to an appropriate value 
to make the metal plates fit to each other sufficiently 

20 (step 103). 

[0009] Referring to the lapping number of metal 
plates, a standard heat input density pattern and a 
standard energizing diameter increase pattern are se- 
lected respectively (step 104). The standard heat input 

25 density pattern and the standard energizing diameter in- 
crease pattern are both determined in advance in ac- 
cordance with numerical calculations and experiments. 
Selection of these two standard patterns is essential for 
realizing an effective control of the variatbn of the heat 

30 input density and the increase of the energizing diame- 
ter during the actual welding operation. More specifical- 
ly, both the heat input density and the energizing diam- 
eter are controlled to be equalized to the values desig- 
nated by the selected standard patterns. 

35 [0010] Next, the energizing operation is started (step 
105). Then, a momentary change of a nugget diameter 
is monitored through a simulation of numerical calcula- 
tions while performing a heat input density control later 
described (step 112). Vi/hen the estimated nugget diam- 

•^0 eter becomes larger than a required nugget diameter 
(step 11 3), the energizing operation is terminated (step 
114). Through this operation, it becomes possible to re- 
alize an excellent welding portion with reliability. 
[0011] Next, the simulation of numerical calculations 

-^5 for obtaining the nugget diameter and the heat input 
density control will be explained An interelectrode volt- 
age and a welding current value are detected during the 
welding operation after starting the energizing operation 
(step 106). The detected values of the interelectrode 

50 voltage and the welding current are substituted into the 
following equation (1) to calculate the energizing diam- 
eter (step 107). 



55 



. _ lA pm-A-Shi , . 

Vn'Rtip-RO 

where "dc' is a representative energizing diameter of a 
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welding portion, "pm" is a mean specific resistance of 
the welding portion, "A" is a correction coefficient relat- 
ing to current spread. "Shi" is a total plate thickness, 
"Rtip" is an interelectrode resistance (=Vtlp/L when 
"Vtip' is an interelectrode voltage and *T' is a welding 
current); and "RO" is an electrode resistance. 
[0012] In the above-described equation (1 ), the mean 
specific resistance "pm" of the welding portion is deter- 
mined based on a mean temperature in the welding por- 
tion. When the energizing operation is started (t=0). the 
mean specific resistance "pm" is equal to a specific re- 
sistance "pmO" at the room temperature. Temperature 
change during a tiny time inten/al At can be regarded as 
negligible. Next, the energizing diameter thus calculated 
and the detected welding current value are substituted 
into the following equation (2) to estimate a temperature 
distribution to be obtained after a time elapse of At. 



(2) 



where "c" is a specific heat, "a" is a density, "K" is a heat 
conductivity, "5" is a current density AJ/(7r-dc2/4)). "T" 
is a temperature, "t" is a time, "x" is a distance in the 
direction of plate thickness, and "d" is a partial derivative 
symbol. 

[0013] From this temperature distribution, "pm1" is 
obtained as a mean specific resistance to be obtained 
after a time elapse of At. By substituting "pml " into the 
equation (1), an energizing diameterto be obtained after 
a time elapse of At can be calculated. In this manner, 
momentary values of the energizing diameter, temper- 
ature distribution, and heat input density are succes- 
sively obtained during a duration from start of the ener- 
gizing operation to a certain time (step 110). Further- 
more, a correct nugget diameter can be estimated by 
taking into account a heating start-up delay time at each 
radial position. Then, the welding current and the elec- 
trode pressurizing force are controlled to equalize the 
energizing diameter and heat input density obtained 
here to the preferable standard heat input pattern and 
preferable standard energizing diameter increase pat- 
tern selected in step 104 (step 111). 
[0014] A detection of an electrode shift amount (step 
108) is necessary to confirm and correct (step 109) an 
error of the energizing diameter calculated in step 107, 
which is likely to be caused in the initial stage of the en- 
ergizing operation. The detected electrode shift amount 
is substituted into the following equation (3) to calculate 
a mean temperature of the welding portion. Then, the 
mean temperature thus obtained is used to correct the 
mean temperature distribution at present time which is 
previously obtained. 



TfTi = B . 



A 1 



(3) 



3-am-Shi 

where "Tm" is a mean temperature of the welding por- 



tion, "A1" is an electrode shift amount, "am" is a mean 
value of linear expansion coefficient, and "B" is a pro- 
portional constant. 

[0015] However, according to the above-described 
s conventional arrangement, it is necessary to succes- 
sively identify the mean temperature and the energizing 
diameter of the welding portion during the welding op- 
eration, and it is complicated to determine the standard 
energizing diameter increase pattern and the standard 
10 heat input density pattern to compare them with the 
identified energizing diameter and the heat input density 
obtained from this energizing diameter. Furthermore, it 
is necessary to perform an adaptive control in real time 
for adjusting the welding current and the electrode pres- 
'5 surizing force based on the comparison result of the en- 
ergizing diameter and the heat input density In connec- 
tion with the standard energizing diameter increase pat- 
tern and the standard heat input density pattern. There- 
fore, the control apparatus becomes complicated and 
expensive. 

[0016] Furthermore, in the resistance welding ma- 
chine used for tap welding of steel plates or the like, in- 
creasing a heat input amount to a welding portion is im- 
portant to increase the welding strength. The factors de- 

25 termining the heat input amount are a welding current, 
an energized portion resistance, and an energizing time. 
Especially^ when the number of welding points is in- 
creased, the tip of an electrode is worn and deformed. 
This leads to deterioration of the welding strength. Thus, 

30 it becomes necessary to further increase the heat input 
amount to the welding portion. However, increasing the 
heat input amount provokes generation of expulsion & 
surface-flash. It is well known that, when the expulsion 
& surface-flash is once generated, the welding strength 

35 is extremely reduced and the appearance or configura- 
tion of the welding portion is terribly worsened. 
[0017] From the enhancement of the welding quality, 
the recent development of the welding technology 
makes it possible to obtain a sufficient size of nugget 

^0 while suppressing the generation of the expulsion & sur- 
face-flash at a minimum level. For example, it is effective 
to intentionally reduce the welding current during a start- 
up period of a welding operation and also during the sec- 
ond-half period of the welding operation, because the 

45 expulsion & surface-flash tends to be caused in these 
specific durations. Meanwhile, it is allowed to increase 
the welding current largely during an intermediate peri- 
od of the welding operation, because the expulsion & 
surface-flash seldom occurs in this intermediate dura- 

50 tion. 

[0018] In view of the foregoing, a pattern welding cur- 
rent control and a constant-power welding method are 
already proposed, as disclosed in Unexamined Japa- 
nese Patent Application No. 63-180384, published in 
55 igSB. Furthermore, there is a method of stopping the 
energizing operation as soon as the generation of the 
expulsion & surface-flash is detected by the sudden 
change of a pressurizing force or a welding current as 



3 



5 



EP 1 044 753 A2 



6 



disclosed in Unexamined Japanese Patent Application 
No. 1-241385. published In 1989. 
[0019] Moreover, for a plurality of welding points 
which are continuously welded, there is a method of var- 
ying a welding current for the next welding point when 
an expulsion & surface-flash is detected during a weld- 
ing operation for a certain welding point, as disclosed in 
Unexamined Japanese Patent Application No. 
5-337655, published in 1993. 

[0020] However, according to the above-described 
conventional technologies, the following problems 
arise. According to the pattern welding current control 
or the constant-power welding method, the generation 
rate of the expulsion & surface-flash can be reduced to 
a certain degree compared with the constant-current 
welding method. However. It Is inherently impossible to 
obtain a nugget having a maximum strength without 
causing any expulsion & surface-flash. Meanwhile, ac- 
cording to the method of stopping the energizing oper- 
ation immediately upon detecting the generation of ex- 
pulsion & surface-flash, it necessarily permits to gener- 
ate some of expulsion & surface-flash. Furthermore, ac- 
cording to the method of varying the welding current for 
the next welding point when any generation of the ex- 
pulsion & surface-flash is detected in a present welding 
operation, it is impossible to prevent the generation of 
the expulsion & surface-flash during the present welding 
operation. In short, there was no method capable of per- 
fectly preventing the generation of the expulsion & sur- 
face-Mash 

SUMMARY OF THE INVENTION 

[0021] Accordingly, In view of above-described prob- 
lems encountered in the prior art, a principal object of 
the present Invention is to provide a simple and cheep 
control apparatus for a resistance welding machine ca- 
pable of surely obtaining a stable and preferable nugget. 
[0022] To accomplish this and related objects, the 
present invention provides a control apparatus for a re- 
sistance welding machine, comprising setting nugget in- 
put means for setting a desirable nugget size, present 
nugget estimating means for estimating a present nug- 
get size, nugget growth predicting means for predicting 
a nugget growth curve after a present time and a re- 
quired energizing time for the predicted nugget growth, 
current control judgement means for generating a con- 
trol signal to equalize the required energizing time with 
a recommendable energizing time, and control means 
for controlling the welding current In accordance with the 
control signal. 

[0023] The above-described arrangement allows a 
welding machine operator to input a required nugget as 
a welding condition through the setting nugget input 
means instead of entering the welding current and the 
energizing time. When the energizing operation is start- 
ed, the present nugget estimating means estimates a 
present size of the nugget momentarily growing during 



the welding operation. The nugget growth predicting 
means memorizes the present nugget size momentarily 
estimated by the present nugget estimating means as 
growth hysteresis, predicts the nugget growth curve af- 

5 ter the present time based on the obtained growth hys- 
teresis, and compares the nugget growth curve with the 
setting nugget to predict the required energizing time. 
[0024] The current control judgement means gener- 
ates the control signal used for controlling the welding 

10 current so as to equalize the required energizing time 
with the recommendable energizing time. And, the con- 
trol means controls the welding current according to this 
control signal, and stops the energizing operation in re- 
sponse to the deenerglzing signal. Accordingly, the 

15 present invention allows the welding machine operator 
to surely and simply get the predetermined nugget hav- 
ing a required size by merely inputting the required nug- 
get information. 

[0025] Furthermore, the present invention has an ob- 

20 ject to provide a control apparatus for a resistance weld- 
ing machine which precisely controls the heat input 
amount to obtain a nugget having a maximum strength 
while preventing the heat input amount from exceeding 
a critical point in view of the generation of expulsion & 

2S surface-flash. 

[0026] To accomplish this and related objects, the 
present Invention provides a control apparatus for a re- 
sistance welding machine, comprising welding current 
detecting means for detecting a welding current, intere- 

30 lectrode voltage detecting means for detecting an in- 
terelectrode voltage, energy distribution estimating 
means for estimating an energy distribution in an ener- 
gized portion based on time variations of the welding 
current and the intere lectrode voltage detected by the 

35 welding current detecting means and the interelectrode 
voltage detecting means, and expulsion & surface-flash 
generation probability estimating means for estimating 
an expulsion & surface-flash generation probability 
based on the energy distribution obtained by the energy 

*iO distribution estimating means. 

[0027] According to this arrangement, the energy dis- 
tribution estimating means estimates an energy distri- 
bution in an energized portion based on time variations 
of the we ding current and the interelectrode voltage de- 

^5 lected by the welding current detecting means and the 
interelectrode voltage detecting means. The expulsion 
& surface-flash generation probability estimating means 
estimates an expulsion & surface-flash generation prob- 
ability based on the energy distribution obtained by the 

so energy distribution estimating means. 

[0028] According to preferred embodiment of the 
present invention, in addition to the above-described ar- 
rangement, there is heat input control means for con- 
trolling a welding heat input amount so as to maintain 

55 the expulsion & surface-flash generation probability at 
a predetermined value. With this arrangement, the heat 
input amount can be increased to an allowable upper 
limit while preventing the generating any expulsion & 
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surface-flash. 

[0029] Alternatively, it is preferable that the expulsion 
& surface-flash generation probability estimating means 
comprises expulsion & surface-flash generation time 
predicting means for predicting an expulsion & surface- 5 
flash generation time. And, the heat input control means 
controls a welding heat input amount so that the expul- 
sion & surface-flash generation time is in a predeter- 
mined period of time after finishing a welding operation. 
With this arrangement, the heat input amount can be io 
increased to an allowable upper limit while preventing 
the generating any expulsion & surface-flash. 
[0030] Moreover, it is preferable that the heat input 
control means comprises optimum welding current es- 
timating means for generating a control signal repre- is 
senting an optimum welding current value and welding 
current control means for controlling the welding current 
in accordance with the control signal produced from the 
optimum welding current estimating means. 
[0031] Still further, it is preferable that there if display 20 
means for displaying at least one of the expulsion & sur- 
face-flash generation probability estimated by the expul- 
sion & surface-flash generation probability estimating 
means, the expulsion & surface-flash generation time 
predicted by the expulsion & surface-flash generation 2S 
time predicting means, and a processing result of the 
data relating to expulsion & surface-flash generation 
probability and the expulsion & surface-flash generation 
time. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description which is 3S 
to be read in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a block diagram showing an arrangement 
of a control apparatus for a resistance welding ma- ^0 
chine in accordance with a first embodiment of the 
present invention; 

Fig. 2 is a flow chart showing an operation of the 
control apparatus of the first embodiment of the 
present invention; 45 
Frg. 3A is a characteristic view showing an ideal re- 
lationship between a nugget growth curve and a 
welding current in accordance with the first embod- 
iment of the present invention, wherein no welding 
current control is necessary; so 
Fig. 3B is a characteristic curve showing a relation- 
ship between a nugget growth curve and a welding 
current in accordance with the first embodiment of 
the present invention, obtained as a result of a first 
welding current control; ss 
Fig. 3C is a characteristic curve showing a relation- 
ship between a nugget growth curve and a welding 
current in accordance with the first embodiment of 



the present invention, obtained as a result of a sec- 
ond welding current control; 
Fig. 4 is a block diagram showing an arrangement 
of a conventional control apparatus for a resistance 
welding machine; 

Fig. 5 is a flow chart showing an operation of the 
conventional control apparatus for a resistance 
welding machine; 

Fig. 6 is a block diagram showing an arrangement 
of a control apparatus for a resistance welding ma- 
chine in accordance with a second embodiment of 
the present invention; 

Fig. 7 is a flow chart showing an operation of the 
control apparatus of the second embodiment of the 
present invention; 

Fig. 8 is a flow chart showing a procedure for esti- 
mating an energy distribution, performed by the 
control apparatus of the second embodiment of the 
present invention; 

Fig. 9A is a view illustrating micro sections dissect- 
ed along a cross section of a welding portion in ac- 
cordance with the second of the present Invention; 
Fig. 98 is a view illustrating an annular 3-D section 
in accordance with the second embodiment of the 
present invention; 

Fig. 10 Is a graph showing a time variation of the 
expulsion & surface-flash generation probability In 
accordance with a conventional welding operation; 
and 

Fig. 11 Is a graph showing a time variation of the 
expulsion & surface-flash generation probability in 
accordance with the second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] Preferred embodiments of the present inven- 
tion will be explained In greater detail hereinafter with 
reference to the accompanying drawings. Identical parts 
are denoted by the same reference numerals through- 
out the views. 

[0034] Hereinafter, a first embodiment of the present 
invention will be explained with reference to the accom- 
panying drawings. 

[0035] In Fig. i , reference numeral 1 represents base 
metals to be welded, and reference numeral 2 repre- 
sents a pair of welding electrodes which holds or clamps 
the base metals 1 and is pressurized by an appropriate 
pressurizing mechanism (not-shown). Reference nu- 
meral 3 represents a welding power source unit. Refer- 
ence numeral 4 represents a control apparatus. Refer- 
ence numeral 5 represents a toroidal coil which delects 
a welding current. Reference numeral 6 represents an 
interelectrode voltage detecting wire. Reference numer- 
al 7 represents a distance detector which detects a 
clearance between welding electrodes 2. Reference nu- 
meral 8 represents a signal conversion section which 
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converts the output signals of toroidal coil 5, interelec- 
trode voltage detecting wire 6. and distance detector 7 
into data signals processible in the control apparatus 4. 
[0036] Reference numeral 9 represents a condition 
setting section comprising an input key 10 and a recom- 
mendable condition table 11 which memorizes recom- 
mendable welding conditions for various metals. Refer- 
ence numeral 12 represents a nugget setting section 
which allows a welding machine operator to input a de- 
sirable nugget size. Reference numeral 13 represente 
a calculating section consisting of a present nugget es- 
timating section 14 and a nugget growth predicting sec- 
tion 15. Reference numeral 16 represents a deenergiz- 
ing judgement section. Reference numeral 17 repre- 
sents a current control judgement section. The deener- 
gizing judgement section 16 and the current control 
judgement section 17 constitute a judgement section 
21. 

[0037] Reference numeral 18 represents a control 

section which performs the current control of the present 
invention in accordance with a phase control using a thy- 
rister. Furthermore, reference numeral 19 represents a 
correction table which is used for correcting the present 
nugget diameter estimated by the present nugget esti- 
mating section 14 in accordance with information relat- 
ing to the base metal to be welded Reference numeral 
20 represents an abnormality warning section compris- 
ing a red indicator lamp and a buzzer. 
[0038] An operation of the above-described control 
apparatus for the resistance welding machine will be ex- 
plained with reference to Fig. 2. 

[0039] First, the information (material, plate thick- 
ness, lapping number, etc) relating to base metal 1 given 
in the design package or specification are entered 
through input key 9 of condition setting section 9 (step 
1 ). And, the information (material, tip configuration, etc.) 
relating to the used welding electrodes 2 are entered 
through Input key 9, two (step 2). The condition setting 
section 9 sets initial welding conditions with reference 
to the recommendable condition table 11 (step 3). Next, 
a desirable nugget diameter, required for guaranteeing 
the welding quality, is entered through nugget setting 
section 12 (step 4). 

[0040] After finishing the above-described prepara- 
tion, base metals 1 are held or clamped between upper 
and lower welding electrodes 2 and pressurized to start 
the welding operation (step 5). The welding current re- 
quired immediately after starting the welding operation 
is given by the initial welding conditions previously set 
(step 6). After starting energizing process for the weld- 
ing operation, the toroidal coil 5, interelectrode voltage 
detecting wire 6, and distance detector 7 detect momen- 
tary values of the welding current, the interelectrode 
voltage and the interelectrode distance, respectively. 
The signal conversion section 8 receives these detected 
data and converts them into data signals which are later 
sent to the calculating section 13 (step 7). 
[0041] Calculating section 13 operates in the follow- 



ing manner. First, the present nugget estimating section 
14 estimates a present nugget diameter momentarily 
according to the conventional method (step 6). More 
specifically, the present embodiment estimates the nug- 

5 get diameter based on the energizing diameter, temper- 
ature distribution and heat input density obtained 
through the processing similar to the steps 106 through 
110 of Fig. 5. In the estimation of the nugget diameter, 
a correction is performed based on the entered informa- 

10 tion relating to the base metal 1 by referring to the cor- 
rection table 19 (step 9). The present nugget diameter 
size momentarily estimated by the present nugget esti- 
mating section 1 4 is sent to the deenergizing judgement 
section 1 6 and the current control judgement section 1 7. 

is [0042] The deenergizing judgement section 16 com- 
pares the momentary value of the present nugget diam- 
eter with the desirable nugget diameter set in the step 
4 (step 11), and generates a deenergizing signal when 
the present nugget diameter becomes equal to the de- 

20 sirable nugget diameter {'YES" in step 12). This deen- 
ergizing signal is sent to the control section 18. Re- 
sponding to this deenergizing signal, the control section 
18 deactivates the thyrister to shut the welding current 
and terminate the welding operation (step 17). 

25 [0043] The abnormality warning section 20 compares 
a total energizing time, corresponding to a time interval 
from the start of the energizing operation to the gener- 
ation of the deenergizing signal, with a recommendable 
energizing time being set as one of initial welding con- 

30 ditions by the condition setting section 9 (step 1 3). When 
the comparison result is not within a predetermined re- 
gion, it is considered that the condition of the welding 
portion is extremely bad or there is an abnormality such 
as severe wear of the welding electrodes 2. Then, the 

35 warning is generated by activating the buzzer and the 
red indicator lamp (step 18). 

[0044] On the other hand, nugget growth predicting 
section 15 successively memorizes the present nugget 
size after the energizing operation is started and obtains 
40 a nugget growth hysteresis curve (step 10), and subs.3- 
quently the nugget growth hysteresis curve is extrapo- 
lated to obtain a nugget growth predicting curve which 
predicts the nugget growth after the present time (stap 
14). 

45 [0045] Figs. 3A, 3B and 3C show the examples of t le 
nugget growth curves. In Figs. 3A, 3B and 3C, each ab- 
scissa represents the energizing time, while each ordi- 
nate represents the nugget diameter and the welding 
current. In these examples, the prediction is executed 

50 at the present time "tn". The nugget growth hysteresis 
curve, having been obtained during a past time duration 
from the start of the energizing operation to the present 
time "tn", is shown by a solid line. Meanwhile, the growth 
predicting curve to be obtained after the present time 

55 '■tn". is shown by a dotted line. 

[0046] The current control judgement section 1 7 esti- 
mates a welding completion lime by overlapping a 
straight line parallel to the abscissa on the nugget 
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growth predicting curve. The ordinate value of this 
straight line corresponds to the desirable nugget diam- 
eter being set In the earlier step. From this estimation, 
a total energizing time "te' is obtained. Then, the esti- 
mated total energizing time "te" is compared with the 
recommendable energizing time "ts" being set as one 
of Initial welding conditions by the condition setting sec- 
tion 9, thereby checking whether the present nugget 
growth is in good order. 

[0047] As shown in Fig. SA when the ratio of the es- 
timated total energizing time "te" to the recommendable 
energizing time "ts" is regarded as substantially 1 or 
within a predetermined acceptable range, the welding 
operation is continued and completed without perform- 
ing corrections or adjustuents (step 15 -> step 7). 
[0048] When the ratio of the estimated total energiz- 
ing time "te" to the recommendable energizing time "ts" 
is smaller than 1 as shown in Fig. 3B, it is considered 
that the present welding current is larger than the opti- 
mum value. On the other hand, when the ratio of the 
estimated total energizing time "te" to the recommend- 
able energizing time "ts" is larger than 1 as shown in 
Fig. 3C, it is considered that the present welding current 
is smaller than the optimum value. 
[0049] Meanwhile, when the present time "tn" roach- 
es a predetermined control time "tc* (step 13), the cur- 
rent control judgement section 17 generates a current 
control signal based on the above-described judgement 
result (step 16). 

[0050] More specifically, in response to this current 
control signal, the welding current is increased r de- 
creased such that the nugget growth curve changes as 
shown by an alternate long and short dash line in Figs. 
3B or 3C . Th is current control signal is sent to the control 
section 18. The control section 18 controls the conduct- 
ing phase of the thyrister in response to this current con- 
trol signal, so as to execute the welding current decreas- 
ing control (i.e. first control corresponding to Fig. 3B or 
the welding current increasing control (i.e. second con- 
trol corresponding to Fig. 3C. With this welding current 
decreasing or Increasing control, the nugget growing 
process is corrected appropriately. The welding opera- 
tion of high quality is realized. 

[0051] By repeating the above-described welding cur- 
rent control during one welding period, the nugget 
growth process will be further accurately regulated. 
However, from the fact that the nugget growth predicting 
curve is oblained by extrapolating the growth hysteresis 
curve, the extrapolating calculation will be complicated 
if the welding current is varied during the past duration 
from the start of the energizing operation to the predict- 
ing time "tn". Thus, the accuracy in predicting the nugget 
growth will be deteriorated significantly. According to the 
verification result by the inventors, an appropriate result 
is obtained when the above-described current control is 
performed once or twice during one'welding operation. 
Ordinarily, a satisfactory welding quality can be obtained 
by performing only one welding current control. Thus. 



this embodiment performs only one welding current con- 
trol per welding operation. 

[0052] Correcting and predicting accuracy of the nug- 
get growth predicting curve is improved as the welding 

s operation progresses. Hence, it is not effective to exe- 
cute the judgement of the nugget growth process at a 
too earlier stage of the total energizing period of time. 
On the other hand, it is readily understood that the ex- 
cellent welding quality can be obtained by performing 

10 the welding current control as early as possible. Accord- 
ing to the verification result, a preferable result is ob- 
tained when the control time "tc" is in a range from 1/3 
to 1/2 of the recommendable energizing time "ts". 
[0053] The above-described abnormality warning 

>5 section 20 decides that the condition of the welding por- 
tion on the base metal is extremely bad or there is an 
abnormality such as severe wear of the welding elec- 
trodes when the ratio of the estimated total energizing 
time "te" to the recommendable energizing tine "ts" Is 

20 extremely far from 1 , and generates a warning by acti- 
vating the buzzer and the red indicator lamp in accord- 
ance with the judgement result. 

[0054] As explained above, the first embodiment of 
the present invention comprises Input key 10 and rec- 

25 ommendable condition table 11 cooperatively constitut- 
ing the condition setting section 9, as well as the nugget 
setting section 12, the present nugget estimating sec- 
tion 14. the nugget growth predicting section 15, the 
deenergizing judgement section 16. the current control 

30 judgement section 17, the control section 18. the cor- 
rection table 19, and the abnormality warning section 
20. 

[0055] In other words, the present embodiment allows 
each welding machine operator to input a required nug- 

35 get size directly through the nugget setting section 12 
for setting the welding conditions instead of inputting 
various data for the welding conditions, including the 
welding current and the energizing time, with reference 
to a predetermined welding condition table and further 

40 without requiring expert correction thereon. Thus, it be- 
comes possible to reduce the burden of the welding ma- 
chine operator such as requisite expertise. 
[0056] And, the control of welding current is executed 
by predicting the nugget growth process during the 

45 welding operation and judging the acceptability thereof. 
[0057] Furthermore, when the nugget has grown to 
the required nugget size, the energizing operation is 
slopped automatically. Hence, It becomes possible to 
assure a preferable growth of the nugget so as to have 

so a predetermined strength. 

[0058] In Fig. 1, the welding current Is detected by 
toroidal coil 5. However, it is possible to use a current 
shunt. Moreover, it is possible to detect the welding cur- 
rent by measuring the primary current of the welding 

ss power source transformer. 

[0059] According to the first embodiment, the condi- 
tion setting section 9 automatically sets the Initial weld- 
ing conditions with reference to the recommendable 
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condition table 11. However, it is of course possible for 
the welding nnachine operator to directly input the initial 
welding conditions by manual operation. 
[0060] Furthermore, according to the first embodi- 
ment, the welding current is adjusted based on a con- 
stant-current control. However, it is possible to adopt a 
well-known pattern control utilizing the up-slope in the 
starting phase of the energizing operation or a current 
increase after the nugget growth is stabilized. 
[0061] According to the first embodiment, it is prefer- 
able to perform the current control once or twice during 
one welding operation. However, it is needless to say 
that the total number of the current controls per welding 
operations can be flexibly changed. Yet further, it is pos- 
sible to skip the current control during the present weld- 
ing operation. In this case, after completing the present 
welding operation, the setting value of the welding cur- 
rent is changed for the next welding operation per- 
formed for another welding point. 
[0062] According to the first embodiment, it is prefer- 
able that the control time "tc" is in the range from 1/3 to 
1/2 of the recommendable energizing time "ts". Howev- 
er, the present invention does not prohibit to set the con- 
trol time "tc" to be smaller than 1/3 of recommendable 
energizing time "ts" or to be larger than 1/2 on the other 
hand. Furthermore, it is possible to set the control time 
"tc" to be a specific time reachable by counting a prede- 
termined value from the moment the nugget growth is 
first confirmed (i.e. tO in Figs. 3A, 3B and 3C). 
[0063] Still further, according to the first embodiment, 
deenergizing judgement section 16 compares the 
present nugget size with the setting nugget size to gen- 
erate the deenergizing signal. However, the similar ef- 
fect will be obtained by uniformly starting the deenergiz- 
ing operation at the time the recommendable energizing 
time "ts" has elapsed, because the present embodiment 
can control the increase-or-decrease of the welding cur- 
rent adequately so as to obtain an optimum welding cur- 
rent. 

[0064] Furthermore, according to the first embodi- 
ment, the present nugget diameter is estimated based 
on the energiz ng diameter, the temperature distribution, 
and the heat input density obtained according to the 
method similar to the conventional method expressed 
by steps 106 through 110 of Fig. 5. However, it is pos- 
sible to detect at least one of the welding current, the 
interelectrode voltage and the interelectrode distance 
and then estimate the nugget diameter in accordance 
with the correlation between the nugget growth and the 
change of the detected value itself or a combination of 
detected values (e.g. a resistance value obtained by di- 
viding a detected voltage by a detected current). 
[0065] Still further, according to the first embodiment, 
the nugget size is expressed by the diameter for use in 
the settings, estimations, or predictions. However, it is 
of course possible to express the nugget size by the 
thickness, volume or temperature distribution region. 
[0066] Moreover, the first embodiment adopts the 



welding current control using a thyrister. Needless to 
say. it is possibJe to adopt other control method such as 
an inverter method. 

[0067] As explained in the foregoing description, the 
5 first embodiment invention provides a control apparatus 
for a resistance welding machine, comprising setting 
nugget input means, present nugget estimating means, 
nugget growth predicting means for predicting a nugget 
growth curve after a present time and a required ener- 
10 gizing time for the predicted nugget growth, current con- 
trol judgement means for generating a control signal 
used for controlling a welding current so as to equalize 
the required energizing time with a recommendable en- 
ergizing time, and control means for controlling the 
IS welding current. 

[0068] With this arrangement, the present invention 
allows each welding machine operator to input a re- 
quired nugget size directly for setting the welding con- 
dition instead of inputting various data for the welding 
conditions, including the welding current and the ener- 
gizing time, with reference to a predetermined welding 
condition table and further without requiring expert cor- 
rection thereon. Thus, it becomes possible to reduce the 
burden of the welding machine operator, such as requi- 
site expertise. Thus, it becomes possible to provide an 
excellent control apparatus for a resistance welding ma- 
chine capable of always producing a preferable nugget 
having a predetermined strength regardless of the ma- 
chining accuracy of the base metals to be welded and 
wear of the welding electrodes. 

[0069] Hereinafter, a second embodiment of the 
present invention will be explained with reference to the 
accompanying drawings. 

[0070] In Fig. 6, reference numeral 201 repress its 
base metals to be welded, and reference numeral ^:02 
represents a pair of welding electrodes which holds or 
clamps the base metals 201 and is pressurized by an 
appropriate pressurizing mechanism (not-shown) to 
supply welding current to the welding portion. Reference 
numeral 203 represents a welding power source unit 
which generates the welding current. Reference numer- 
al 204 represents a secondary conductor connecting the 
welding power source unit 203 and electrodes 202, 
[0071] Reference numeral 205 represents a welding 
current detecting device which is, for example, consti- 
tuted by a toroidal coil or a current shunt and a detecting 
wire. Reference numeral 205 represents an interelec- 
trode voltage detecting device which may comprise a 
detecting wire connected to a predetermined position of 
the electrode 202 or an electrode holder (not shown) 
[0072] Reference numeral 207 represents a control 
apparatus. Control apparatus 207 comprises the follow- 
ing components. Reference numeral 208 represents a 
signal conversion section which converts the output sig- 
nals of the welding current detecting device 205 and the 
interelectrode voltage detecting device 206 into data 
signals processible in the control apparatus 207. Refer- 
ence numeral 209 represents an input key. A calculating 
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section 213 consists of an energy distribution estimating 
section 210. an expulsion & surface-flash generation 
probability estimating section 211 and an optimum weld- 
ing current estimating section 212. Reference numeral 
214 represents an expulsion & surface-flash generation s 
probability table obtained based on the experiments 
conducted by the inventors. Reference numeral 215 
represents a welding current control section. And, ref- 
erence numeral 216 represents a display section 21 6. 
The optimum welding current estimating section 212 io 
and the welding current control section 215 cooperative- 
ly constitute heat input control section. 
[0073] Furthermore, the control apparatus 207 com- 
prises other components, such as a timer used for set- 
ting a welding timer and controlling the welding opera- ^5 
tion, a pattern generating section for executing a pattern 
control for the welding current, and a pressurizing force 
control section. These component are not directly relat- 
ed to the present inventbn but conventionally well- 
known and, therefore, are not shown in the drawing and 
not explained in the following description. 
[0074] An operation of the above-described control 
apparatus for a resistance welding machine in accord- 
ance with the second embodiment will be explained with 
reference to Fig. 7. First, information (e.g. material, plate 2B 
thickness, lapping number, etc) relating to base metal 
201 given by a design package or specification are en- 
tered through input key 209. Furthermore, information 
(material, tip configuration etc.) relating to the used 
welding electrodes 202 are entered through input key 30 
209. too. Subsequently, welding conditions (welding 
current, pressurizing force, welding time, etc.) are en- 
tered (Steps 21 and 22). 

[0075] After finishing the above-described prepara- 
tion, base metals 201 are sandwiched or clamped be- 3S 
tween a pair of upper and lower electrodes 202 to start 
the welding operation. A predetermined pressurizing 
force is applied between electrodes 202. Then, a weld- 
ing current is supplied. The welding current value is de- 
termined in accordance with the welding conditions pre- 40 
viously set (step 23). After starting the energizing oper- 
ation, the welding current detecting device 205 detects 
a momentary value of the welding current and the in- 
terelectrode voltage detecting device 206 detects a mo- 
mentary value of the interelectrode voltage (step 24). ^5 
Then, the signal conversion section 208 converts these 
detected values into data signals processible in the con- 
trol apparatus 207. These data signals are supplied to 
the calculating section 213. 

[0076] In the calculating section 21 3, the energy dis- so 
tribution estimating section 210 estimates an energy 
distribution based on the detected momentary data rep- 
resenting the welding current and the interelectrode 
voltage (step 25), 

[0077] Estimation of the energy distribution (step 25) ss 
is performed in the following manner. As shown in Fig. 

9A. the cross section of the welding portion is dissected 
into a plurality of micro lattice sections Aij (i=1, 2, — ; 



j=:1. 2,") each having a size of Ar-Az. Fig. 9B shows an 
annular 3-D section f^ij obtained by rotating the above 
micro lattice section Aij by an angle of 360° about the 
central axis of the electrode 202. Fig. 8 is a flow chart 
used for obtaining numerical values representing the 
specific resistance, electrical potential, temperature, 
and energy in each annular 3-D section Mlj. 
[0078] More specifically, the specific resistance of 
each annular 3-D section is determined based on the 
temperature distribution in the welding portion (step 
201). At the moment the energizing operation is just 
started, the specific resistance is equal to a specific re- 
sistance at the room temperature in every annular 3-D 
section. In the calculation, it is assumed that there is no 
significant changes in the values of the temperature and 
the specific resistance during a small time interval At. 
[0079] Next, a mean specific resistance in the ener- 
gizing section is obtained as a composite specific resist- 
ance of all annular 3-D sections. All of data representing 
the mean specific resistance thus obtained, the welding 
current and the interelectrode voltage detected previ- 
ously are entered into the following equation (4) to cal- 
culate an energizing diameter (step 202). The obtained 
energizing diameter determines the region of succeed- 
ing calculations which are executed within this energiz- 
ing diameter 

Dc= /f.P^'A-Ihi 
Vjc Rtip-RO 

where "Dc" is a representative energizing diameter of a 
welding portion (m). "pm" is a mean specific resistance 
of the welding portion (Q-m), "A" is a correction coeffi- 
cient relating to current spread, "Shi" is a total plate 
thickness (m), "Rtip" is an interelectrode resistance 
(=Vtip/l when "Vtip" is an interelectrode voltage and "1" 
is a welding current) (Q), and "RO" is an electrode re- 
sistance (Q), 

[0080] Next, the electrical potential in each annular 
3-D section is calculated in accordance with the follow- 
ing equation (5). Then, using the electrical potential thus 
obtained, the current density in each annular 3-D sec- 
tion is calculated in accordance with the following equa- 
tion (6) (step 203). Furthermore, using the calculated 
current density and the specific resistance, the temper- 
ature distribution in each annular 3-D section is calcu- 
lated in accordance with the following equation (7) (step 
204). Then, referring to this temperature distribution, the 
energy distribution in each annular 3-D section is calcu- 
lated (step 205). These calculations are repetitively per- 
formed by the S.O. R method, until the resultant data are 
converged to specific values. The energy distribution 
estimating section 210 sends this energy distribution to 
the expulsion & surface-flash generation probability es- 
timating section 211, and determines a specific resist- 
ance in each annular 3-D section based on the newly 
obtained temperature distribution (step 201). Then, us- 
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ing the welding current and the interelectrode voltage 
newly detected, the above-described calculations are 
repeated. 

V . (k VV) = 0 (5) 

where "i" is a lattice number in the radial direction, 'j" is 
a lattice nunnber in the axial direction, "kCi.j)" is an elec- 
tric conductivity in an annular nnicro section Mi.j (Q/m). 
and 'Vmy is a voltage in the micro section MiJ (V). 

5^ = — ^ -IgradVl^ (6) 
(pxi) 

where 6 is a current density (A/m^), p is a specific re- 
sistance (m), i Is a lattice clearance (hd). and V is a po- 
tential difference (V/m). 

c o ^ = V ( V k T) + p 5^ (7) 

where "c" is a specific heat (cal/kg), "a" is a density (kg/ 
m^), "k" is a heat conductivity, "k" is a heat conductivity, 
"5" is a current density {=A\/{k Dc^/A)), "A" is a correc- 
tion coefficient relating to current spread, T is a welding 
current (A), "T" is a temperature, "t" Is a time, and "V" is 
a partial derivative symbol. 

[0081] The expulsion & surface-flash estimating sec- 
tion 211 estimates an expulsion & surface-flash gener- 
ation probability corresponding to the energy distribu- 
tion calculated by the energy distribution estimating sec- 
tion 210 with reference to the expulsion & surface-flash 
generation probability table 214 (step 26). The expul- 
sion & surface-flash generation probability table 214 
was obtained experimentally by the inventors based on 
the fact that the expulsion & surface-flash generation 
probability is substantially determined by an anruDunt of 
unavailable energy stored in a contact area in the pe- 
riphery of a nugget. 

[0082] The unavailable energy amount is equal to a 
difference between the total energy supplied from the 
welding power unit 203 to the welding portion and the 
sum of an effective energy amount contributing the 
growth of the nugget, a heat transfer loss in the base 
metals 201, and other energy lost by electrode cooling 
water or radiated into the air. More specifically, accord- 
ing to the expulsion & surface-flash generation proba- 
bility table 214, the expulsion & surface-flash generation 
probability is given as a function of the unavailable en- 
ergy in various combinations of base metals 201 and 
electrodes 202, so as to be somewhere in a range from 
0 to 100 (%). Ordinarily, the expulsion & surface-flash 
generation probability increases in accordance with the 
progress of the welding operation. It is believed thai the 
expulsion & surface-flash is generated when the prob- 
ability reaches 1 00 (%) 



[0083] The expulsion & surface-flash generation 
probability estimating section 211 extrapolates the 
curve representing the expulsion & surface-flash gener- 
ation probability which increases in accordance with the 
s progress of the welding operation, and predicts the ex- 
pulsion & surface-flash generation time (i.e. a time an 
expulsion & surface-flash is generated for the first time) 
in a case where the welding operation is continuously 
performed under the welding conditions initially set (step 
TO 27). It IS desirable that the expulsion & surface-flash 
generation time comes immediately after the setting 
welding time has elapsed. When the expulsion & sur- 
face-flash generation time comes earlier than the setting 
welding time, it is considered that the welding current is 
IS excessively large and there is a possibility that any ex- 
pulsion & surface-flash may be generated during the 
present welding operation. On the other hand, when the 
expulsion & surface-flash generation time comes too 
much lately than the setting welding time, the welding 
current is excessively small and a nugget having a sat- 
isfactory size cannot be obtained. 
[0084] In view of the foregoing, the optimum welding 
current estimating section 212 compares the predicted 
expulsion & surface-flash generation time with the weld- 
ing time initially set at a predetermined time, and esti- 
mates an optimum value for the welding current to be 
supplied during the succeeding welding operation (step 
28). The estimated optimum welding current value is 
sent to the welding current control section 215. The 
welding current control section 21 5 changes the welding 
current value in accordance with the optimum welding 
current value (step 29). Meanwhile, the estimation of the 
optimum welding current by the optimum welding cur- 
rent estimating section 21 2 is forcibly started by consid- 
ering the remaining time for the welding operation when- 
ever the expulsion & surface-flash generation probabil- 
ity reaches 80%. Then, the command signal for chang- 
ing the welding current is generated at a time corre- 
sponding to two cycles after the moment the expulsion 
& surface-flash generation probability reached 80%. 
[0085] The welding current control section 215 stops 
the energizing operation when the total energizing time 
reaches the welding time initially set (step 30). After 
stopping the energizing operation, the display section 
216 displays the finally predicted expulsion & surface- 
flash generation time of the welding operation complet- 
ed (step 31 ). This value is referred in the setting of the 
next welding conditions. 

[0086] As explained in the foregoing description, the 
above-described second embodiment comprises the 
welding current detecting device 205 for detecting the 
welding current, the interelectrode voltage detecting de- 
vice 205. the signal conversion section 208 which con- 
verts the outputs of welding current detecting device 205 
and interelectrode voltage detecting device 206 into da- 
ta signals processible in the control apparatus 207, the 
input key 209. the calculating section 213 consisting of 
energy distribution estimating section 10, expulsion & 
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surface-flash generation probability estimating section 
211 and optimunn welding current estimating section. 
212, the expulsion & surface-flash generation probabil- 
ity table 214, and the welding current control section 1 5. 
The energy distribution is estimated based on the mo- 
mentary values of the welding current and the interelec- 
trode voltage. 

[0087] Then, both the expulsion & surface-flash gen- 
eration probability and the expulsion & surface-flash 
generation lime are estimated from the energy distribu- 
tion thus obtained. Then, the welding current is control- 
led to accomplish an adjustment such that the predicted 
expulsion & surface-flash generation time comes imme- 
diately after the termination of the setting welding time. 
Thus, the heat input amount can be increased up to the 
maximum level without causing any expulsion & sur- 
face-flash, thereby obtaining a desirable nugget having 
the maximum strength. 

[0088] According to the above -described second em- 
bodiment, the welding current control is performed at the 
predetermined time or at the time corresponding to two 
cycles after the moment the expulsion & surface-flash 
generation probability reaches 80%. However, the tim- 
ing for the welding control can be flexibly changed. 
Hence, there is no necessity of limiting the welding cur- 
rent control timing to a specific time, such as the time 
corresponding to two cycles after the 80% reaching mo- 
ment. Furthermore, instead of controlling the welding 
current, it will be possible to control other welding con- 
ditions, such as the pressurizing force and the welding 
time, which give a significant effect on the determination 
of the heat input amount. 

[0089] Furthermore, instead of varying the welding 
conditions during the concerned welding operation, it 
will be possible to change the welding conditions for the 
next welding operation with reference to the predicted 
expulsion & surface-flash generation time displayed on 
the display section 216. Still further, according to the 
above-described second embodiment, the display sec- 
tion 216 displays the finally predicted expulsion & sur- 
face-flash time when the concerned welding operation 
is completed. Needless to say, it is preferable to display 
an expulsion & surface-flash generation probability at a 
time immediately before stopping the energizing opera- 
tion or at any arbitrary lime, or a value resultant from 
statistic or comparison processing on these data, or a 
hysteresis curve representing an increase of the expul- 
sion & surface-flash probabilily. II is also preferable to 
use these data as reference values. 
[0090] Yet further, in Fig. 6, the welding current de- 
tecting device 205 is constituted by a toroidal coil or a 
current shunt. However, it is possible to measure the pri- 
mary current of a transformer of the welding power 
source unit 203 to detect the welding current. 
[0091] Hereinafter, a demonstration result of the 
present invention will be explained in more detail. 
[0092] According to an experiment conducted by the 
inventors, galvanized sheet irons of 1 .2 mmt is used as 
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the lapped base metals 201 . A total energizing time was 
set to 20 cycles. The pressurizing force was set to 320 
kgf . The welding current was first set at 8 kA for a dura- 
tion of 6 cycles and then increased to 14 kA after the 
s passage of this duration. When the expulsion & surface- 
flash generation probability reaches 80%, the welding 
current is reduced at a time corresponding to 2 cycles 
after the 80% reaching moment. 

[0093] Fig. 1 1 shows a curve representing a time var- 
10 iation cf the expulsion & surface-flash generation prob- 
ability in this experiment, in comparison with cun/es rep- 
resenting the welding current and the interelectrode re- 
sistance. As shown In Fig. 11, the expulsion & surface- 
flash generation probability reached 80% at the time 
15 corresponding to 14 cycles. The welding current is re- 
duced to 10 kA at the time corresponding to 2 cycles 
after the 80% reaching moment (i.e. the time corre- 
sponding to 14 cycles). As a result of this precise weld- 
ing current control, generation of the expulsion & sur- 
20 face-flash was surely prevented. 

[0094] Fig. 10 shows one example of a welding oper- 
ation not relying on the precise welding current control 
of the present invention, but was performed under the 
same welding conditions as those of the welding oper- 
as ation of Fig. 11. As shown in Fig. 10, the expulsion & 
surface-flash generation probability has increased with 
elapsing energizing time. At the time corresponding to 
17 cycles, an expulsion & surface-flash was generated. 
Occurrence of this expulsion & surface-flash was rec- 
30 ognized by the steep drop of the interelectrode resist- 
ance. 

[0095] Furthermore, according to the above-de- 
scribed welding operation not relying on the welding cur- 
rent control of the present Invention, a reduction of the 

35 welding strength by an amount of 90% to 70% was found 
at the welding point which caused an expulsion & sur- 
face-flash, compared with the welding strength of a nor- 
mal welding point free from generation of the expulsion 
& surface-flash. On the contrary, according to the weld- 

40 ing operation incorporating the welding current control 
of the present invention, dispersion of the welding 
strength at each welding point was small and the weld- 
ing strength value was maintained at a higher level of 
95% or above. 

45 [0096] As explained in the foregoing description, the 
present invention makes it possible to predict the gen- 
eration of any expulsion & surface-flash in advance. 
Thus, the heal input amount can be increased up to the 
maximum level without causing any expulsion & sur- 

50 face-flash, thereby obtaining an excellent nugget having 
the maximum strength. 

[0097] As this invention may be embodied in several 
forms without departing from the spirit of essential char- 
acteristics thereof, the present embodiments described 
55 are therefore intended to be only illustrative and not re- 
strictive, since the scope of the invention is defined by 
the appended claims rather than by the description pre- 
ceding them, and all changes that fall within the metes 
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and bounds of the claims, or equivalents of such metes 
and bounds, are therefore intended to be embraced by 
the claims. 



Claims 

1. A control apparatus for a resistance welding ma- 
chine, comprising: 

welding current detecting means (5) for detect- 
ing a welding current; 

interelectrode voltage detecting means (6) for 
detecting an interelectrode voltage; 
calculating means (13) for predicting a nugget 
growth and control means (16. 17, 13) for con- 
trolling said welding current so that said nugget 
growth can be adjusted to a predetermined val- 
ue. 

2. The control apparatus for a resistance welding ma- 
chine in accordance with claim 1, further compris- 
ing: 

setting nugget input means (12) for inputting a 
setting nugget size; and 

present nugget estimating means (14) for esti- 
mating a size of a present nugget, wherein 
said calculating means (13) comprises: 
nugget growth predicting means (15) for pre- 
dicting a nugget growth curve after a present 
time and a required energizing time for the pre- 
dicted nugget growth, and 
said control means comprises current control 
judgement means (17) for generating a control 
signal to equalize the required energizing time 
with a recommendable energizing time; and 
control means (16) for controlling said welding 
current in accordance with said control signal. 

3. The control apparatus for a resistance welding ma- 
chine in accordance with claim 1 or 2, further com- 
prising deenergizing judgement means (16) for 
generating a deenergizing signal when the present 
nugget size estimated by said present nugget esti- 
mating means becomes equal to said setting nug- 
get size set by said setting nugget input means. 

I, The control apparatus for a resistance welding ma- 
chine in accordance with claim 2 or 3, further com- 
prising detecting means (5, 6, 7) for detecting the 
interelectrode distance during a welding operation, 
wherein said present nugget estimating means (14) 
estimates the size of the present nugget growing 
during the welding operation based on variation of 
at least one of the welding current, interelectrode 
voltage, and interelectrode distance detected by 
said detecting means. 
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The control apparatus for a resistance welding ma- 
chine in accordance with any one of claims 1 to 4, 
further comprising condition Input means (10) for in- 
putting information relating to a base metal, recom- 
mendable condition memory means (11 ), and weld- 
ing condition setting means (9) for automatically 
setting initial welding conditions suitable for said 
base material. 

The control apparatus for a resistance welding ma- 
chine in accordance with claim 5, wherein said 
present nugget estimating means (14) uses a cor- 
rection table (19) in the correction of said present 
nugget estimated based on the Information relating 
to the base metal. 

The control apparatus for a resistance welding ma- 
chine in accordance with any one of claims 1 to 5, 
further comprising abnormality wamning means (20) 
for generating an alarm when the required energiz- 
ing time obtained by said nugget growth predicting 
means, or one of a difference and a ratio between 
the recommendable energizing time and a time in- 
terval from start of energizing to generation of the 
deenergizing signal, is not within a predetermined 
region. 

The control apparatus for a resistance welding ma- 
chine in accordance with claim 1 , wherein said heat 
input control means comprises: 

optimum welding current estimating means 
(21 2) for generating a control signal represent- 
ing an optimum welding current value, and 
welding current control means (21 5) for control- 
ling the welding current in accordance with said 
control signal produced from said optimum 
welding current estimating means. 
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